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Quality of Life in Individuals Surgically Treated for Congenital Hydrocephalus During
Infancy: A Single-Institution Experience
Saad Akhtar Khan1,2, Muhammad Faheem Khan2, Saqib Kamran Bakhshi2, Omar Irfan4, Hamza Abdur Rahim Khan4,
Asad Abbas2, Safia Awan3, Muhammad Ehsan Bari2
-BACKGROUND: Congenital hydrocephalus (CH) is a
frequently encountered birth anomaly that can hinder long-
term neurologic maturity and social well-being of affected
children. This study was undertaken to assess quality of
life (QOL) 10e15 years after surgical treatment for primary
CH during infancy at a tertiary care hospital in a developing
country.
-METHODS: This retrospective cohort study included
individuals who presented to Aga Khan University Hospital,
Karachi, Pakistan, between 1995 and 2005 at <1 year old
and underwent surgery for primary CH. The Hydrocephalus
Outcome Questionnaire was used to assess outcomes with
respect to QOL.
-RESULTS: Of 118 patients, 90 patients participated in the
study. Mean age at first admission was 6.2 months. Mean
length of follow-up was 5.4 years. Of these, 28 patients had
died after surgery. Shunt infection (P[ 0.012) and delayed
milestones (P [ 0.003) were found to be statistically
significant factors affecting mortality in the patients who
died. The mean overall health score was 0.67  0.30. Age
<6 months at the time of first surgery was a poor predictor
of overall health on the Hydrocephalus Outcome
Questionnaire (P [ 0.039).
-CONCLUSIONS: In our analysis, we assessed the QOL
associated with CH. We hope that these results will pro-
vide insight for future prospective work with the ultimate
goal of improving long-term QOL in children with CH.
INTRODUCTION
Congenital hydrocephalus (CH) is a common birth disor-der.1 Increased intracranial pressure in affected childrenmakes them prone to future seizure disorders, cognitive
decline, and mental retardation.2,3 A previous study reported
that approximately one third of patients with CH had seizure
disorders, and approximately 40% had an IQ of <70.2,3 Lindquist
et al.4 reported considerable difﬁculty in cognition even
in children with hydrocephalus who had a normal or a
near-normal IQ.
Quality of life (QOL) reﬂects a subjective assessment of
emotional, cognitive, and physical health and social well-being in
individuals.5 The perceived impact of a health-impairing condition
on QOL is different depending on whether the disease is
congenital, acquired early in life, or develops at a later stage.4
Kulkarni et al.,6 using a self-designed questionnaire, the Hydro-
cephalus Outcome Questionnaire (HOQ), reported that parents
perceived frequent seizures and shunt-related complications as
some of the predictors of poor QOL in children with CH. Gupta
et al.7 studied patients >20 years old who had had early-onset
hydrocephalus and reported depression in more than two thirds
of them.
Pakistan is a developing country with an estimated population
of 191 million, a per capita gross domestic product of approxi-
mately 6% of the world’s average, and an average literacy rate of
approximately 55%. CH is the most common neurologic
congenital defect in Pakistan, and most children with CH are
treated surgically.8,9 However, CH involves long-term follow-up
and is associated with numerous possible complications. Rashid
et al.10 reported a poor surgical outcome in children treated for
pediatric hydrocephalus in Pakistan. Considering the prevalent
poverty as well as the lack of well-developed social rehabilitation
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programs in Pakistan, evaluation of QOL in patients treated for CH
requires the identiﬁcation, survey, and analysis of such patients in
our health care system.
The purpose of this study is to examine the management and
prognosis of patients treated for CH in a resource-limited setting
such as ours. Up to this time, there have been no data available
from Pakistan to investigate and address QOL in patients who
survive after being treated for CH during their infancy. We believe
this study will help highlight the social burden of this disease and
increase its awareness at a national level, initiating analysis on a
larger scale and ultimately leading to the establishment of more
rehabilitation centers in Pakistan. Surgical intervention and long-
term follow-up to prevent complications are not enough for the
proper care of these patients. Accepting that premise, this study
assessed the QOL of patients 10e15 years after they were treated
surgically for primary CH during their infancy at a tertiary care
hospital in a developing country.
MATERIALS AND METHODS
Approval from the ethics board was obtained before this retro-
spective cohort study was initiated. All patients who had been
treated surgically for primary CH during the period 1995e2005 at
Aga Khan University Hospital, Karachi, Pakistan, were included in
the study. Of 118 patients identiﬁed, 90 fulﬁlled the inclusion
criteria and were selected for this study. There were 28 patients
excluded because of either incomplete or missing records (n ¼ 8),
being operated on in another hospital (n ¼ 11), or not giving con-
sent to participate in the study (n¼ 9). Data were retrieved through
patient ﬁles using International Classiﬁcation of Diseases, 9th
Revision, code 742.3. Patients who had hydrocephalus secondary to
meningitis, tumor, or subarachnoid/intraventricular hemorrhage
were excluded. The HOQ, a standardized 51-item questionnaire
employing the domains of physical, social-emotional, and cogni-
tive health to measure QOL, was used with permission from Kul-
karni,11 who developed and tested this questionnaire.
DATA COLLECTION
We used Kulkarni’s HOQ questionnaire, which has been tested for
reliability and construct validity and has demonstrated excellent
test-retest reliability (0.93, 95% conﬁdence interval, 0.88e0.96),
interrater reliability (0.88, 95% conﬁdence interval, 0.79e0.93),
and internal consistency (Cronbach’s a 0.94).6 The response of
each item is on a 5-point scale, given a score from 0 to 4. For
all questions, the following values are entered manually for the
various response options:
Not at all true: 0
A little true: 1
Somewhat true: 2
Quite a bit true: 3
Very true: 4
The scores of the items are summed and then divided by the
highest possible summed score to provide a ﬁnal score on a 0.0 to
1.0 metric.
Scores of 0.00 (“worse health status”) and 1.00 (“better health
status”) were used for HOQ score interpretation.
Information regarding patient demographics, clinical presen-
tation, and complications of surgery was collected through review
of medical records using another self-designed structured ques-
tionnaire. Complications were noted for the entire follow-up
period. The HOQ was mostly completed by parents of patients
and by patients themselves where applicable, with the assistance
of a single dedicated neurosurgery resident with at least 2 years of
experience. This was done to minimize bias and interobserver
variability. Where required, phone calls were made to respondents
for the completion of data. Almost all patients were followed
through clinics and medical records. However, phone calls were
made for the completion of data in some cases because of long
distance constraints (e.g., a different city of residence). The data
were collected after obtaining consent from the respondent,
ensuring protection of the patient’s identity and conﬁdentiality
during all stages.
Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows,
Version 21.0 (IBM Corp., Armonk, New York, USA). Continuous
data were presented as means with SDs. Categorical data were
presented as frequencies and proportions. Nonparametric tests
including independent sample Mann-Whitney U test and Kruskal-
Wallis test were used to compare continuous data. Several inde-
pendent variables were tested for possible association with QOL,
using the HOQ overall health score as the dependent variable.
P value of <0.05 was taken as signiﬁcant. Univariate analysis was
performed on all independent factors hypothesized to indirectly
affect QOL parameters. Multivariate analysis using regression
analysis of variance was performed on variables that showed sta-
tistically signiﬁcant results on univariate analysis.
RESULTS
Of 90 patients who had undergone the insertion of a ven-
triculoperitoneal shunt, 40 (44.4%) were male, and 50 (55.6%)
were female. Mean age of patients at ﬁrst admission was
6.2 months; 70 (77%) patients were operated on before 6 months
of age. The mean length of hospital stay was 21 days. The mean
follow-up time after the surgery was 5.4 years. Complications
developed in 56 (62.2%) patients who underwent surgery, whereas
34 (37.8%) patients did not experience any complications. The
Physical Health score ¼ ðP ½scores of items 1 15ÞO60
Social Emotional Health score ¼ ðP ½scores of items 16 39ÞO96
Cognitive Health score ¼ ðP ½scores of items 40 51ÞO48
Overall Health score ¼ ðP ½scores of items 1 51ÞO204
248 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, http://dx.doi.org/10.1016/j.wneu.2017.01.107
ORIGINAL ARTICLE
SAAD AKHTAR KHAN ET AL. QOL AFTER SURGICAL TREATMENT FOR CONGENITAL HYDROCEPHALUS
most common complication observed was shunt blockage,
encountered in 53.6% of patients, followed by septic complica-
tions (46.4%) and seizures (21.4%) (Tables 1 and 2).
In our cohort, 28 (31%) patients had died after surgery.
Assessment of the causes of death showed that 14 (50%) patients
had died from septic complications, including 2 patients who had
developed complicated meningitis and 6 patients who had pro-
gressive metabolic disease. Shunt blockage was the cause of death
in 12 (42.8%) patients, including 8 patients who had died sec-
ondary to uncontrolled seizures at home with apparent cerebral
hypoxic injury noted on computed tomography scan. In 2 patients,
the cause of death remained uncertain.
Mortality was considered an event instead of a complication.
Septic complications (P ¼ 0.012) and delayed milestones
(P ¼ 0.003) were statistically signiﬁcant factors affecting mortality
in these patients. Factors such as shunt blockage, seizures, age,
and sex were not observed to be statistically signiﬁcant factors
affecting mortality.
Among the surviving 62 children, 48 (77.4%) were school-age;
36 (75%) of these children attended normal school and had
completed or were still continuing their education, 4 (8.3%) had
left normal school before completion, and 8 (16.7%) attended
special school. Delayed milestones were reported in 48.9% of
children. Reoperations (either revision of shunt or insertion of a
new shunt on the opposite side) were performed in 36 (58.2%)
patients; 30 children <6 months old required revision compared
with 6 children >6 months old. Only 6 patients (6.6%; all <6
months old) required >2 reoperations. However, there was no
signiﬁcant association of age with the number of reoperations.
Parents of the surviving 62 children consented to complete the
HOQ. The mean HOQ physical health score was 0.68  0.30,
mean social-emotional health score was 0.66  0.31, mean
cognitive health score was 0.70  0.33 and mean overall health
score was 0.67  0.30 (Figure 1). Age <6 months at the time of
ﬁrst surgery was a poor predictor of HOQ overall health (P ¼
0.039). Poor HOQ cognitive health outcome was observed in
patients who underwent reoperations (P ¼ 0.012) and patients
who had delayed milestones (P ¼ 0.009). Delayed milestones
(P ¼ 0.025) also negatively affected HOQ social-emotional
health (Tables 3 and 4).
DISCUSSION
In our analysis, we observed the rate of treatment complications
and examined QOL associated with CH. We used the validated
HOQ, which was methodically designed and tested by Kulkarni
et al.6 and allowed the independent veriﬁcation of patient data. In
our study, we were able to truly reﬂect on the QOL of children
treated for CH in our health care system. Other available outcome
measures, which are not disease-speciﬁc, include PedsQL, Health
Utilities Index, and the Child Health Questionnaire.12-14
Traditionally, the outcome parameters used to measure treat-
ment success in hydrocephalus mostly revolved around mini-
mizing surgical complications.15 However, it is now understood
that the term “successful treatment” involves outcome measures
pivoting around QOL and not merely surgical success. Jones and
Klinge16 emphasized that QOL is regarded as the most
important outcome in patients with hydrocephalus. QOL is a
Table 1. Congenital Hydrocephalus Characteristics in 90
Patients
Variable Number of Patients (%)
Sex
Male 40 (44.4)
Female 50 (55.6)
Age at first operation
<6 months 70 (77.8)
>6 months 20 (22.2)
Complications
Yes 56 (62.2)
No 34 (37.8)
Type of complications
Shunt blockage 30 (53.6)
Septic complication 32 (57.1)
Seizures 12 (21.4)
Mortality 28 (31)
Septic complication 14 (50)
Shunt blockage 12 (42.9)
Unknown 2 (7.1)
School age 48 (77.4)
Normal school 36
Special school 8
Dropped out 4
Delayed milestones 44 (48.9%)
Reoperations 36 (58.2%)
Age <6 months 30
Age >6 months 6
Table 2. Patient Characteristics (Continuous Variables)
Variable Mean  SD Range
Current age, years 11  2.9 5e18
Age at first operation, months 6.2  9.9 0e50
Length of hospital stay, days 21.1  17.3 3e65
Follow-up after surgery, years 5.4  4.4 0e14
Number of reoperations 0.53  0.89 0e5
HOQ physical 0.68  0.30 0.10e1.0
HOQ social-emotional 0.66  0.31 0.00e1.0
HOQ cognitive 0.70  0.33 0.00e1.0
HOQ overall 0.67  0.30 0.02e1.0
HOQ, Hydrocephalus Outcome Questionnaire.
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broad multidimensional concept that is similar to the World
Health Organization concept of health as “a state of complete
physical, mental, and social well-being and not merely the
absence of disease or inﬁrmity.”5 “Health” or “QOL” is not only
about physical aspects but also includes cognitive, emotional,
and social aspects.
The literature regarding QOL outcomes for children with CH is
evolving. It might help to identify patients at risk for a negative
outcome, thus ultimately aiding in directing health care and social
resources in a more outcome-speciﬁc way. We believe that this
approach would help especially in resource-challenged health care
systems and developing countries such as Pakistan, where CH is
the most common neurologic congenital defect and also the most
common reason for neurosurgical intervention in pediatric
patients.9,10 These children, after surgery and initial screening for
possible complications, are critically exposed to economic and
social handicaps due to a lack of awareness programs and good
social rehabilitation centers, increasing the probability of subop-
timal health outcomes and QOL.
Septic Complications
In the present study, we tried to quantify septic complications and
their severity through indirect correlation with the total accumu-
lated stay in the hospital (i.e., the sum of all admissions over the
child’s lifetime up to this study). We believe that this information
helps in quantifying the difﬁculty in treating the infection. It is a
common hypothesis that intracranial infections have devastating
effects on a child’s developing brain. However, we concluded that
patients who had septic complications required prolonged treat-
ment but fared worse only in the HOQ social-emotional health
outcome. Septic complications had no effect on physical, cogni-
tive, or overall health outcome. Furthermore, we could not
establish any meaningful connection between increased accumu-
lated stay for treatment of septic complications during a child’s
Figure 1. Results of Hydrocephalus Outcome Questionnaire (HOQ).
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lifetime and overall outcome. Previous studies have indicated that
septic complications such as shunt infection pose a grave chal-
lenge for children with CH, with an estimated incidence of 3%e
20%.17-19 In addition, it is postulated that in 3% of operations for
shunt insertion, the cerebrospinal ﬂuid is already infected. Con-
trary to our results, many authors have suggested that the presence
of shunt infection is associated with a worse outcome in children
with hydrocephalus.20,21
Seizures
In the present study, we were unable to ﬁnd any statistically sig-
niﬁcant relationship between the presence of seizures and the
worsening of HOQ overall health outcome (P ¼ 0.071). However,
the current literature strongly suggests an intimate association
between the presence of seizures and poorer outcomes.22-25
Although much debate exists to date whether the presence of
seizures is a marker of more morbid brain disease and hence
worse outcomes or whether the seizure frequency directly impacts
neurologic function, affecting the outcome, Kulkarni and Shams22
were the ﬁrst to suggest that not only the presence of epilepsy but
also the frequency of seizures signiﬁcantly impacts QOL. They
reported that patients with multiple daily seizures had an HOQ
overall health score 0.32 lower than patients who had no
seizures.22 In a further subcategorization, children having a
single episode of seizure per day had worse outcomes than
children with no seizures, whereas children with multiple daily
seizures fared the worst.22
Mortality
We observed 28 (31%) deaths, 14 (50%) of which were due to
septic complications and 12 (43%) were due to shunt blockage. In
their 20-year follow-up report of 138 patients, Paulsen et al.26
observed 30 (22%) cases of mortality, most of which were due
to tumor-related causes or severe congenital malformations.
They reported a 13% mortality rate when observing nonetumor-
related causes. Other long-term studies on 10-year mortality rates
in individuals with shunts reported similar rates of 11%e14%.27-29
Shunt-related deaths in hydrocephalus studies have reported rates
of 2%e5%,23,27,30 with Paulsen et al. reporting a rate of 2.9%.26
Paulsen et al.26 emphasized that this was due to not recognizing
a blocked shunt and dealing with it promptly. Providing
guidelines to the patients, family, and caregivers on detecting
shunt failure along with increased surveillance scans could
contribute to earlier detection and prevention of mortality
related to shunt failure. In our study, we believe that a high
mortality rate mainly related to shunt complications is
associated with a low socioeconomic background of the
population coupled with the unavailability of resources and a
poor referral system.
Septic complications (P ¼ 0.012) and delayed milestones (P ¼
0.003) were analyzed to be statistically signiﬁcant factors affecting
mortality in our patients. Of the 28 patients who died, 20 (71%)
were <6 months old, implying a higher mortality at a younger age
of procedure, although this was not statistically signiﬁcant. In our
study, 77.8% of the children who were <6 months old required a
total of 42 shunt revisions, but the difference compared with other
age groups was not signiﬁcant. In the study by Paulsen et al.,26
49% of patients <6 months old required 304 revisions. There
was a signiﬁcant difference in number of shunt revisions for
this age group compared with the other patient age groups in
their study.
HOQ Social-Emotional Score
Although the distribution of HOQ scores showed variations in our
study, the mean social-emotional score of 0.66  0.31 was notably
lower than the mean physical score or mean cognitive score. Our
mean social-emotional score was also lower than the mean
Table 3. Univariate Analysis of Predictors of Hydrocephalus Outcome Questionnaire Health Scores (P Values)
Variable
HOQ Physical Health
Outcome
HOQ Social and Emotional
Health Outcome
HOQ Cognitive Health
Outcome
HOQ Overall Health
Outcome
Age <0.001 <0.001 <0.001 <0.001
Sex 0.95 0.98 0.65 0.81
Length of hospital stay 0.17 0.36 0.32 0.24
Seizures 0.16 0.28 0.27 0.22
Septic complication 0.04 0.07 0.01 0.04
Shunt blockage 0.37 0.34 0.45 0.40
Delayed milestones 0.67 0.01 0.03 0.07
Reoperations 0.79 0.22 <0.001 0.32
HOQ, Hydrocephalus Outcome Questionnaire.
Table 4. Multivariate Analysis of Significant Predictors of
Hydrocephalus Outcome Questionnaire Health Scores
(P Values)
Variable Overall Cognitive Social-Emotional
Age <6 months 0.039 0.167 0.061
Reoperations 0.326 0.012 0.220
Delayed milestones 0.060 0.009 0.025
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social-emotional score of 0.72  0.18 observed by Kulkarni and
Shams.22 As our results reﬂect a single institution, even this may
be understating the possibility of this burden. Furthermore,
delayed milestones (P ¼ 0.025) negatively affected this outcome.
HOQ Cognitive Score
Our study reported a mean HOQ cognitive score that was notably
higher (0.70  0.33) than the mean physical score or social-
emotional score. This was contrary to what authors of previously
conducted studies have extensively demonstrated with respect to
cognitive difﬁculties encountered by children with hydrocephalus.
Kulkarni and Shams22 reported a cognitive health score of 0.57 
0.27, which was the lowest score compared with all other outcome
measures in their cohort. Similarly, Hoppe-Hirsch et al.23 reported
an IQ of <70 in 40% of patients with hydrocephalus. Lindquist
et al.3 reported an IQ of <70 in 37% of patients in an
epidemiologic study focused on learning disabilities in patients
affected with hydrocephalus. Other authors have revealed
difﬁculties with narration and oral and reading
comprehension.31 Although it is difﬁcult to ascertain with
conﬁdence the reason for the favorable outcome in cognitive
health in our study, it may be attributed to a tight-knit joint
family environment. In our study, a poor HOQ cognitive health
outcome was observed in patients who underwent reoperations
(P ¼ 0.012) and patients who had delayed milestones (P ¼ 0.009).
HOQ Overall Health Score
Our HOQ overall health score (0.67  0.30) is similar to that re-
ported by Kulkarni and Shams (0.68  0.19).22 Moreover, we
observed that age <6 months at the time of ﬁrst operation was
associated with a worse overall health outcome (P ¼ 0.039).
Furthermore, seizures, length of stay, and reoperations did not
signiﬁcantly affect overall outcome in our study as was reported
by Kulkarni and Shams.
Reoperations
In our cohort, the need for reoperations in treatment of hydro-
cephalus pointed toward the complexity of the condition, whether
attributed to catheter blockage, a loculated cerebrospinal ﬂuid
system, or in cases in which concurrent endoscopy was attempted.
However, the presence of reoperations did not negatively impact
the HOQ overall health outcome (P ¼ 0.326). Our result was
contradictory to the analysis of Kulkarni and Shams,22 who
observed that the number of reoperations correlated as an
independent predictor to negatively affect the HOQ overall
health outcome. Although Kulkarni and Shams22 further
commented on the ambiguity of the mechanism by which
catheter load impacts outcome, it can be assumed that the need
for reoperation is an indirect marker of complicated
hydrocephalus that is associated with a worse outcome.
Limitations
Being a retrospective study, our report has all the limitations
inherent to that design. In addition, our study was a single-center
analysis with a relatively small sample size. Moreover, the partic-
ipation rate in this study was not very high (76%); this was
particularly due to a high rate of nonconsent. We did not include
data on patients who had missing records; therefore, we are un-
sure how this would have affected our results. Furthermore, we
interviewed by telephone some patients who were living at a far
distance, and this might have introduced a recall bias.
CONCLUSIONS
Our analysis of CH allowed us to observe for the ﬁrst time some
interesting patterns, associations, and the rate of treatment
complications in our health care system as well as assess QOL. We
believe that the most important areas of focus are the prevention
of seizures, shunt infections, and reoperations along with social
rehabilitation of these children. It is hoped that future research
incorporating several socioeconomic variables will improve our
understanding of all the complex interactions that ultimately
determine a child’s outcome. Our results will provide insight for
future work and will generate a better perception at a national level
about children with CH, with the ultimate goal of improving their
long-term QOL.
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